electronic or mechanical, including photocopying, recording, or any information storage and retrieval system, without permission in writing from the publisher. C ropping systems dominated by annual crops only use a fraction of the available incident solar energy and expose soil to erosion and nutrient losses during periods without adequate residue cover and crop nutrient uptake. Singer et al. (2007) reported that interseeded red clover (Trifolium pratense) in winter wheat (Triticum aestivum L.) intercepted on average 50% of incident photosynthetically active radiation during the remainder of the growing season aft er wheat harvest. Kaspar et al. (2007) reported that a cereal rye (Secale cereale L.) cover crop reduced 4-yr average fl ow-weighted nitrate concentrations by 59% and load by 61% compared with a no cover crop control in a corn-soybean rotation in Iowa. Goolsby et al. (1999) estimated that mineralized soil N contributed 29% of the total N delivered to the Gulf of Mexico. Data quantifying annual soil loss between row crops and sod from a wide range of soil types indicate that soil loss in sod is 1% or less of the soil losses that occur in row crops (Karlen et al., 2007) . Th ese are all compelling reasons to develop multifunctional cropping systems that enhance the capture and utilization of available solar energy and sustain or enhance soil productivity.
C ropping systems dominated by annual crops only use a fraction of the available incident solar energy and expose soil to erosion and nutrient losses during periods without adequate residue cover and crop nutrient uptake. Singer et al. (2007) reported that interseeded red clover (Trifolium pratense) in winter wheat (Triticum aestivum L.) intercepted on average 50% of incident photosynthetically active radiation during the remainder of the growing season aft er wheat harvest. Kaspar et al. (2007) reported that a cereal rye (Secale cereale L.) cover crop reduced 4-yr average fl ow-weighted nitrate concentrations by 59% and load by 61% compared with a no cover crop control in a corn-soybean rotation in Iowa. Goolsby et al. (1999) estimated that mineralized soil N contributed 29% of the total N delivered to the Gulf of Mexico. Data quantifying annual soil loss between row crops and sod from a wide range of soil types indicate that soil loss in sod is 1% or less of the soil losses that occur in row crops (Karlen et al., 2007) . Th ese are all compelling reasons to develop multifunctional cropping systems that enhance the capture and utilization of available solar energy and sustain or enhance soil productivity.
Concurrent management of multiple plant species, including one with an immediate cash value (commodity or staple) and typically a perennial, is oft en termed a living mulch cropping system. Perennial cover crops and perennial groundcovers are oft en used synonymously. Living mulches extend the functions of annual cover crops that are usually planted aft er harvesting the cash grain or oilseed crop in the fall and killed before planting the following cash crop. Interest in using living mulches evolved as a management practice to protect soil from erosion on highly erodible land, and also to provide forage for fall and winter animal grazing. Experimentation using living mulches was initiated in 1975 in southern Illinois and continued into the early 1980s using Kentucky bluegrass (Poa pratensis L.), tall fescue (Festuca arundinacea Schreb.), orchardgrass, smooth bromegrass (Bromus inermis Leyss.), and alfalfa living mulches in both corn and soybean production (Elkins et al., 1979 (Elkins et al., , 1982 (Elkins et al., , 1983 . In corn production, the authors concluded that relatively good corn yields were achievable while preserving at least 50% of the grass sod, although irrigation was used during periods with abnormally low rainfall (Elkins et al., 1979) . Th e authors concluded that soybean production could be highly successful in years when rainfall was adequate, followed by up to a 40% forage recovery in the fall (Elkins et al., 1982) . In another study, the authors concluded that it was more diffi cult to maintain an alfalfa living mulch in corn (Elkins et al., 1983) . Among numerous herbicide treatments sprayed on alfalfa in corn compared with a no-herbicide alfalfa control, the best alfalfa survival ranged from 20 to 23% of the control in treatments that either did not include dicamba (3,6-dichloro-oanisic acid) or were banded rather than broadcast.
Living mulch research has evaluated more persistent legumes such as kura clover, a long-lived, perennial, rhizomatous legume. Zemenchik et al. (2000) used kura clover as a living mulch in corn and managed the kura using various herbicide treatments. Corn grain yields were highest when kura was killed with added N fertilizer, although corn grain yields were similar when kura was killed in a 61-cm band centered on the corn row compared with killing the entire stand without supplemental N. Furthermore, the kura in the killed band treatment fully recovered and had similar seasonal forage yields during the subsequent growing season when it was managed as a forage crop. Th is experiment was managed as a sole kura clover forage stand with corn grown for 1 yr in the third year aft er kura establishment. Prasifk a et al. (2006) reported that kura clover or alfalfa living mulches enhanced biological control in a corn-soybean-forage rotation as a result of greater predator abundance and consumption of European corn borer (Ostrinia nubilalis Hübner) pupae used as sentinel prey. Th ey compared kura clover and alfalfa managed as living mulches during row crop production with a weed-free control without a living mulch.
Aft er a thorough search of the living mulch literature, our fi ndings revealed that scientists testing living mulch performance limited their investigations to sole seeding living mulches and usually only included one row crop year in their experiments. Most of the living mulch species evaluated, however, were common forage species. Consequently, we designed an experiment to compare some of the same species using sole seedings, binary, and three-way mixtures using forage species with divergent phenotypes in an extended corn-soybean rotation where the living mulches functioned primarily as cover crops during the row crop years and as a forage source during the third year of the rotation. We selected this rotation because it is representative of the cropping system common to a large region of the midwestern United States and off ers an opportunity to make a small adjustment to current cropping practices but signifi cantly diversify the landscape. Because we intended to chemically kill or suppress the forage species, depending on their tolerance to glyphosate, in an herbicide band during the row crop phases, we hypothesized that mixtures with sod-forming grass species and rhizomatous legumes would minimize weed encroachment in the forage year compared with bunchgrasses and legumes with limited adventitious stem proliferation, and that treatments with increasing diversity would provide higher yields during the forage year of this crop rotation.
MATERIALS AND METHODS
Th is study was conducted at the Agricultural Engineering Research Center near Ames, Iowa (42°01 N, 93°45´ W; 341 masl) from 2002 to 2007 (Table 1) . Th e predominant soil at this site is Nicollet loam (fi ne-loamy, mixed, mesic Aquic Hapludolls). Before the 2002 growing season, the experimental area was a production fi eld rotated annually with corn and soybean. Spring oat (Avena sativa L.) was planted on 26 April 2002. On 24 July, oat grain and straw were harvested and the area remained fallow until forage establishment in late August. Th e experimental design was a split-plot with rotation of whole plots of corn, soybean, or forage, and subplots consisting of living mulch treatments. All phases of the rotation were present each year and the study included four replicates.
Living mulch plant species were selected to function as cover crops during the corn and soybean row crop phases and to provide forage during the forage phase of the crop rotation. Forages with divergent phenotypes were selected from legume and cool-season grass functional groups to quantify persistence and growth habit response to management in row crops and productivity as forages. Subplots consisted of nine perennial treatments (sole seedings or species mixtures) and a prolifi c nondormant alfalfa treatment that was planted each spring during the forage phase of the rotation and killed in the fall (Table 2 ). Subplots were 3.8 m wide by 18.3 m long. Th e nine perennial living mulch treatments were planted in all rotation main plots on 28 August 2002 using a no-tillage grain drill in 20-cm rows. Legume seeds were inoculated with the recommended inocula before seeding. Th e nondormant alfalfa treatment plots were left fallow during the 2003 growing season. Growing season weather data were collected from a weather station approximately 1.5 km from the experimental site (Table 3) .
Th e 2003 growing season was used to facilitate forage establishment. Birdsfoot trefoil, kura, and birdsfoot trefoil + kura treatments were reseeded at their original seeding rate in early spring to supplement the stand (Table 2) . Four cuttings at a 6-cm stubble height were harvested from each subplot during the 2003 growing season. Th ese forage harvests occurred on 4 June, 7 July, 8 August, and 9 September. Phosphorus and K fertilizer was applied to stubble following the fi rst and third cuttings. Application rates were based on 18-cm-deep composite soil samples collected in the spring. Fertilizer applications were made using diammonium phosphate and muriate of potash aft er the fi rst cutting each year, and again typically aft er the third cutting. Phosphorus and K fertilizer inputs were based on levels to maintain optimum concentrations of these nutrients in a corn- soybean-forage rotation (Sawyer et al., 2008) . Only N fertilizer was applied in the corn phase of the rotation, and no fertilizer was applied in the soybean phase. Nitrogen application to corn used the late spring soil nitrate test (Blackmer et al., 1989) to determine the N rate, and all N was applied in the form of 32% UAN using a point-injector applicator and varied between 101 and 202 kg ha -1 depending on the treatment and year. . Th e nondormant alfalfa treatment was not cut on the fi rst harvest date, but was harvested on the latter three dates, with a fourth cutting taken in early October each year. Regrowth of the nondormant alfalfa treatment was sprayed with glyphosate at an application rate of 0.9 kg a.e. ha -1 in solution, with 68 L ha -1 aft er the fourth cutting to kill the alfalfa because this treatment was the control treatment during the corn and soybean phases of the crop rotation. In 2004 and 2005, a fl ail-type forage harvester was used to harvest a 1.8-m-wide swath of the entire subplot length. In 2006 and 2007, a self-propelled forage harvester with a sickle bar cutter was used to harvest the entire subplot. Chopped forage from each subplot was blown into a trailing weigh wagon that recorded biomass. An approximate 1-kg subsample was collected from each subplot and dried at 60°C in a forced-air oven until constant weight. Th e moisture content of this subsample was used to calculate forage dry matter yield for each plot.
Botanical composition and plant density of the forage plots was assessed each year except 2004. Th e 2003 data provide baseline information before the plots had cycled through a row crop phase. Plant composition and density data were collected on 22 Sept. 2003 by counting all legume stems and grasses in three 0.15-m 2 quadrats in plots that were going into forage in 2004. In subsequent years, plant composition and density data were collected from fi ve 0.1-m 2 quadrats in the former corn and soybean row zone (25 cm wide) and interrow (51 cm wide) on 2 Aug. 2005, 3 Aug. 2006, and 21 Aug. 2007. Th is positional measurement will be referred herein as a location eff ect. Individual legume stems and grass tillers were counted for perennial legumes and grasses, while annual and perennial weeds were counted individually. All stem, tiller, and plant counts were converted to an area basis.
Statistical analysis was conducted using SAS v. 9.1 (SAS Inst., Cary, NC). For the yield data, a model with year, treatment, and harvest was examined using PROC GLM and PROC MIXED. Autocorrelation using PROC MIXED was not detected. Consequently, PROC GLM was used to generate all forage yield least squares means. A signifi cant year × treatment interaction was detected, so data are presented by year for each harvest and a seasonal total. For this model, treatment and harvest were considered fi xed eff ects and block was considered random. For the botanical composition and plant density data, PROC GLM was used for all analyses with treatment and location fi xed eff ects analyzed by year and block, and block interactions considered random eff ects. Data were analyzed by year because of the staggered rotation sequence. Data were pooled within a treatment to compare total legume and grass density among treatments. Weed densities were pooled to compare total weed density among treatments. Treatment means for the yield data were separated using Tukey's HSD and estimate statements and probability diff erences using least squares means were used to compare forage plant density, weed density, and the number of species for living mulch treatments. Preplanned comparisons included sole seedings vs. multiple species mixtures and treatments with divergent growth habits. Box-Cox tests were examined for symmetry, and residuals were checked with standard diagnostics before each ANOVA was 1 Mention of trade names or commercial products is solely for the purpose of providing specifi c information and does not imply recommendation or endorsement by the U.S. Department of Agriculture. performed. All forage plant density and weed density data were square root transformed based on these diagnostics. All comparisons were considered signifi cant at P ≤ 0.05.
RESULTS AND DISCUSSION
2004 Aft er seeding the entire experimental area to forage in August of 2002, 2003 was used to facilitate plant establishment. Alfalfa and birdsfoot trefoil established quickly, although slower to establish species such as kura were less dominant (Fig. 1) . Aside from the kura only treatment, kura represented only 1 to 2% of two and three-way mixtures, except in the birdsfoot trefoil + kura mixture, where it comprised almost 35%. In 2004, yields were generally lower for each harvest and the season total for treatments containing kura alone and birdsfoot trefoil + kura than treatments containing alfalfa (Table 4) . Kura yields reported here are considerably lower than those reported by Sleugh et al. (2000) in Iowa and Zemenchik et al. (2000) in Wisconsin. Aft er four harvests, total forage dry matter was greatest for treatments including alfalfa alone or in combination with other legumes or grasses. Sleugh et al. (2000) reported that alfalfa in monoculture had higher yields than birdsfoot trefoil or kura clover and all binary mixtures, which included orchardgrass, smooth bromegrass, and intermediate wheatgrass Th e below-average rainfall in September probably contributed to the lower fourth-cutting yield (1692 kg ha -1 ) of the nondormant alfalfa compared with the fi rst and second harvests.
2005
Th e 2004 forage yield data followed forage in all plots in 2003. In 2005, the forage plots were following soybean. Similar trends were observed in the fi rst harvest in 2005 as in 2004, with kura and birdsfoot trefoil treatments alone or in combination yielding less than treatments containing alfalfa (Table 4 ). Similar to the 2004 season, yield of the kura treatment further declined during the second harvest compared with the birdsfoot trefoil treatment. Th e kura treatment alone produced the lowest yield during the third harvest again in 2005, although treatment separation was limited because the minimum signifi cant diff erence was large. Diff erences among treatments in the fourth cutting were similar to the fi rst harvest, with kura, birdsfoot trefoil alone, and birdsfoot trefoil in combination with kura producing lower yields (1061 kg ha -1 ) than treatments with alfalfa (2479 kg ha -1 ). Seasonal totals were similar for the nondormant alfalfa, alfalfa alone, alfalfa and kura, and alfalfa with kura and reed canarygrass. Both three-way mixtures with orchardgrass yielded lower than the nondormant alfalfa treatment, but similar to the three-way mixture with reed canarygrass. Kura alone yielded less than kura + birdsfoot trefoil, but similar to birdsfoot trefoil alone. Kura yield in the sole seeding declined by 40% from 2004 to 2005, and was about 75% lower than the average total yield reported by Zemenchik et al. (2000) for the band-killed living mulch treatment following 1 yr in corn. Rainfall in 2005 was close to the long-term average during each month except August and September, when it was 51 and 46% higher than the long-term average (Table  3) . Air temperature was also higher than average during September, which probably contributed to the high fourth cutting yield in the nondormant alfalfa treatment.
A treatment × location interaction was significant for forage density in 2005. Forage density in the interrow was similar among all mixture comparisons (Table 5) , except for the sole seedings compared with three-way mixture. In the row location, mixtures with similar or fewer components had greater forage density. Comparing individual species in the interrow location, kura had lower forage density (165 stems m -2 ) than alfalfa and birdsfoot trefoil, which were similar (465 stems m -2 ). No diff erence was detected between similar (kura + alfalfa) three-way mixtures except for the cool-season grass species. Th e mixture with reed canarygrass had 416 legume stems and grass tillers m -2 in the interrow compared with an average of 431 in the mixtures containing orchardgrass.
Weed density also had a treatment × location interaction in 2005 (Table 5) . Th ree observations were evident in the 2005 weed data. Weed densities were generally higher in the row zone than the interrow, the sole seedings had fewer weeds than the binary and three-way mixtures in the row location, and the nondormant alfalfa treatment had signifi cantly fewer weeds than the sole seedings, regardless of location (Table 5) . Th is last observation is likely the direct eff ect of weed management during the previous sequences in the crop rotation. Th e nondormant treatment during the forage year was the weed-free control during the previous corn and soybean cycles. In 2005, this was limited to the previous soybean crop because all plots were in forage during 2003. Between individual species in the interrow, kura had higher weed density (159 weeds m -2 ) than alfalfa or birdsfoot trefoil, which were similar (52 weeds m -2 ). In contrast, in the row location, kura and alfalfa had similar weed density (117 weeds m -2 ), both higher than the birdsfoot trefoil treatment (31 weeds m -2 ). Already by 2005, birdsfoot trefoil density markedly declined and was replaced by indigenous white clover. Density of white clover in 2005 was 513 stems m -2 in the interrow and 661 in the row, compared with 18 and 14 stems m -2 of birdsfoot trefoil. Sleugh et al. (2000) reported that the largest decline in yields between the fi rst and second years of their study was in birdsfoot trefoil sole seeding and binary mixtures. Th ey concluded that the yield reduction occurred because of the reduction in vigor and quantity of birdsfoot trefoil, which was replaced mostly by Canada thistle [Cirsium arvense (L.) Scop.] and other weeds. Th e three dominant weeds in this study in 2005 were dandelion (Taraxacum offi cinale G.H. Weber ex Wiggers), crabgrass (Digitaria spp.), and lambsquarters (Chenopodium album L.).
Th e main eff ects of treatment and location were signifi cant for the number of species, but an interaction was not detected. Diff erences among treatments were limited to the nondormant treatment compared with the rest of the forage treatments in both locations (data not presented). Using estimate statements to compare treatments grouped by the number of species, the sole seedings had almost double the number of species per Table 4 . Mean living mulch forage dry matter yield by harvest and a seasonal total for sole seedings, binary, and three-way mixtures including kura clover (K), alfalfa (A), birdsfoot trefoil (BT), reed canarygrass (RCG), and orchardgrass (OG) and a nondormant alfalfa (NDA) that was planted each spring near Ames, IA. square meter compared with the nondormant treatment in the interrow, and 63% more species in the row location (Table 5) , although no other diff erences were detected. Th is diversity primarily refl ects the weed encroachment that occurred in the living mulch treatments. Changes in weed populations and forage productivity during the 2005 growing season provoked management changes in the forage phase for 2006 to promote weed suppression and enhance forage yield. Th e suggested change was to drill nondormant alfalfa in the former row crop location in the spring in all treatments at the same time the nondormant treatment was seeded. Elkins et al. (1979) reported that tall fescue yield in a metolachlor + atrazine herbicide band treatment, with bands ranging between 15 and 23 cm, had a tall fescue yield index of 56 and 69% compared with the control in 2 yr and weed dry matter in 1977 of 1600 kg ha -1 compared with forage grass yield of 3510. Killing the forage species in the row not only created a niche for weed species to establish but also lowered forage yield more rapidly than the spreading legume and grass species in this study were capable of off setting.
2006
Few diff erences were detected for fi rst cutting forage yield in 2006 (Table 4) . Most notable was the diff erence between the kura, birdsfoot trefoil, kura + birdsfoot treatments (mean yield 667 kg ha -1 ) compared with the kura + alfalfa + orchardgrass treatment (1914 kg ha -1 ). Th e range in yield for treatments containing alfalfa was 1137 to 1914 kg ha -1 . During the second cutting, yield was similar for most treatments except the alfalfa alone and alfalfa + kura treatment, which on average yielded 90% higher (2301 vs. 1211 kg ha -1 ) than the average of the kura, birdsfoot trefoil, kura + birdsfoot trefoil, kura + alfalfa + orchardgrass, and nondormant alfalfa treatments, which had similar yield. Yields at the second harvest were high in spite of 51% lower-than-average rainfall in May and 83% below average in June. Rainfall in July, August, and September was well above normal. Few diff erences were detected in third cutting yields. Lower yields were observed in the three-way mixtures with orchardgrass compared with the nondormant alfalfa, but similar yield in the nondormant treatment and three-way mixture with reed canarygrass. Kura alone and the kura + birdsfoot trefoil treatments exhibited consistently lower yields than the other living mulch treatments. No diff erences in yield were detected among treatments at the fourth cutting.
During the spring of 2006, nondormant alfalfa was drilled in the former row zone of the preceding soybean crop. Consequently, by the third harvest in the 2006 growing season, this alfalfa was fully established and provided signifi cant forage Table 5 . Least squares means and probabilities of differences from estimate statements for forage density, total weed density, and number of plant species in August of 2005, 2006, and 2007 about 3 wk after the third cutting for sole seedings, binary, and  three-way mixtures including kura clover (K), alfalfa (A), birdsfoot trefoil (BT), reed canarygrass (RCG), and orchardgrass (OG)  and a nondormant alfalfa (NDA) near Ames, IA, for row and interrow (inter) locations. All data are presented on a no. m -2 contributions to existing treatments, regardless of species or mixture. Th is management practice is recommended to supplement these forage mixtures that naturally decline over time or gradually reclaim the row zone that is chemically controlled during row crop production. Th is late-season forage contribution added to seasonal totals and resulted in similar seasonal totals for seven of the 10 treatments (Table 4) . Th e birdsfoot trefoil + kura treatment had the lowest seasonal total, but was similar to the individual kura and birdsfoot trefoil treatments. Th e highest-yielding treatments had 55% higher seasonal yield than the lowest-yielding treatments (9295 vs. 6008 kg ha -1 ). One of the most dramatic improvements to the seasonal yields by using the nondormant alfalfa in the row location in all treatments was in the kura alone treatment. Th e kura alone treatment had the lowest yield in 2004 among all treatments, and was tied for the lowest yield in 2005. Adding the nondormant alfalfa in 2006 increased the yield by 332% compared with kura alone in 2005 and 263% in 2007. Th e majority of the yield enhancement was obtained during the fourth harvest, which produced 58% of the seasonal total. A combination of competition between the kura and alfalfa and the unusually dry conditions during June of 2006 limited alfalfa's contribution to this treatment until the last cutting. Blaser et al. (1956) compared seedling competition in forage plants planted in the spring or summer and alone or in combination. Th ey listed alfalfa as an aggressive species that exhibited greater establishment and dominance when seeded in a mixture in the summer compared with the spring. In this experiment, alfalfa was not only seeded in these treatments in the spring, but was also seeded into established forage stands. Kura clover can be contrasted to the nondormant alfalfa by comparing the nondormant alfalfa yield during the third harvest (2989 kg ha -1 ) and the kura alone treatment (639), which only yielded 21% of the nondormant alfalfa at this cutting.
A treatment × location interaction was detected for forage density and weed density in 2006. No diff erences were detected for forage density between sole seedings and binary mixtures in the row or interrow location in August of 2006, although weed densities were lower in both locations in the sole seedings compared with binary mixtures (Table 5) . Similarly to 2005, the nondormant alfalfa had lower weed densities than the sole seedings in 2006 in both locations and also had 89 and 61% greater forage stem density in the interrow and row, which was not detected in 2005. Th is diff erence was observed in spite of the sole seedings being seeded the same day in the row location to the same nondormant alfalfa cultivar. Both sole seedings and binary mixtures had lower forage density compared with the three-way mixture in the interrow location, but similar forage densities in the row location. Weed densities generally followed the same pattern as the forage density data, with the three-way mixture having lower weed densities than the sole seedings or binary mixture regardless of location. Th e dominant weeds in 2006 were dandelion, crabgrass, and lambsquarters, foxtail (Setaria spp.), and marestail (Conyza Canadensis L. Cronq.). A treatment × location interaction was detected for the number of species, but no consistent trend was observed. Th e number of species was similar in the sole seedings compared with the nondormant treatment in both locations, and the three-way mixture compared with the binary mixture in the interrow location had greater forage density, lower weed density, and fewer total species.
Examining individual plant species revealed phenotypes with contrasting performance. For example, kura clover had similar forage density in the row and interrow (329 stems m -2 ) compared with alfalfa, which had 137 stems m -2 in the row compared with 320 stems m -2 in the interrow. Th e same pattern was expressed in weed densities, with kura averaging 127 weeds m -2 compared with 266 weeds m -2 in the alfalfa row compared with 156 weeds m -2 in the alfalfa interrow. Among three-way mixtures, no diff erences were detected for forage density within or between mixtures within a location. However, the three-way mixtures with orchardgrass had lower weed density (78 weeds m -2 ) than the mixture containing reed canarygrass (196 weeds m -2 ) in the interrow. Th is fi nding may be related to the lower average grass tiller density in the interrow in the reed canarygrass three-way mixture compared with the orchardgrass mixtures (186 vs. 303 tillers m -2 ). In 2006, the kura alone treatment in the row location was the only treatment with similar weed densities as the nondormant alfalfa treatment. Th is fi nding highlights the potential of kura clover to suppress weeds, even with lower biomass production than the nondormant alfalfa treatment. All treatments had higher weed densities than the nondormant alfalfa in the interrow location, except the three-way mixtures with orchardgrass.
2007
First-harvest yields were considerably lower in 2007 than other study years because of the below-average air temperatures between 4 and 13 April, when maximum air temperatures were 5.4°C and minimum air temperatures were -6.2°C. Th is cold period was particularly detrimental because of the above-average air temperatures that preceded this cool period resulted in rapid forage growth. In the three-way mixture with reed canarygrass, yield exceeded fi ve of the nine treatments, including the two other three-way mixtures with orchardgrass (Table 4) . Th e reed canarygrass treatment was probably not aff ected as much during the cold spell as the mixtures with orchardgrass because of its delayed green-up in the spring. Few diff erences in yield were detected during the second harvest. Again, the three-way mixture with reed canarygrass had the highest forage yield, but was only diff erent than the kura + birdsfoot trefoil and nondormant alfalfa treatments. Th e range in forage yield during the second harvest was from 1077 to 1970 kg ha -1 , a much smaller range than during the fi rst harvest (82 to 1383 kg ha -1 ).
Th e dominant factor for the narrower range and higher forage yields during the second cutting in 2007 was the use of the nondormant alfalfa in all forage plots. By the end of June, the new seeding, combined with the established forages, provided high yields. Th ird-cutting forage regrowth experienced a rainfall defi cit 34% below average in July, which was preceded by 58% below-average rainfall in June. Similarly to the second harvest, only one treatment diff erence was detected during the third harvest, and no diff erences were found in the fourth cutting. Seasonal forage totals ranged from 4441 (birdsfoot trefoil alone) to 6510 kg ha -1 (kura + alfalfa + reed canarygrass), and represented the only signifi cant diff erence during 2007. Th e results from 2004 through 2007 indicate that maximum forage yields are obtained in all treatments used in this study, except kura and birdsfoot trefoil alone or in combination. Furthermore, the 2006 and 2007 data indicate that seeding the nondormant alfalfa in the spring of the forage year supplements existing forages persisting through a corn and soybean sequence and minimizes yield diff erences among top-yielding treatments. Th ese fi ndings reinforce the conclusions of Picasso et al. (2008) , who reported that alfalfa had major eff ects on seasonal productivity in a three-cut management system, regardless of species richness.
A treatment × location interaction was detected for forage density in 2007, but diff erences were limited to the sole seedings compared with the nondormant treatment in the row (Table 5 ). In all other treatment comparisons, greater forage density occurred in the interrow compared with the row location. Th is same general pattern was observed for weed density as well; however, a treatment × location interaction was detected primarily because the nondormant alfalfa treatment had lower weed density in both locations compared with the sole seedings. Additionally, the three-way mixture with reed canarygrass had lower weed density than the sole seedings in the row location.
Th e number of species in 2007 ranged from a low of 4.3 m -2 in the nondormant alfalfa treatment in the row location to a high of 6.9 m -2 in the three-way mixtures also in the row location (Table 5 ). Of particular signifi cance was the diff erence between the sole seedings compared with nondormant alfalfa treatment in the row zone. Th is fi nding implies weed management during the corn and soybean phases of this 3-yr rotation may negatively impact the soil weed seedbank. In particular, even if the herbicide band is eff ective directly over the row location, weed escapes in the seam between the row and interrow locations can increase the weed seedbank that may subsequently express itself in the row location during the forage phase. Targeting the herbicide management in this system to control the dominant weed species may remediate this response because the actual increase in species was small, even though the weed densities were 2.4 times higher in the sole seedings treatments compared with the nondormant alfalfa treatment. In 2007, the dominant weed species were limited to dandelion and crabgrass.
An analysis of the diff erences between treatments with varying plant growth habits revealed their functional strengths and weaknesses. Th e kura alone treatment had 125 stems m -2 in the row location compared with 56 stems m -2 in the alfalfa alone treatment and 102 weeds m -2 compared with 174 in the alfalfa alone treatment. Alternatively, the alfalfa alone treatment had 20% higher seasonal yield than the kura alone treatment, even though this diff erence was not statistically signifi cant. Combining the two increased the seasonal yield 17% compared with the kura alone treatment, but did not decrease weed densities in the row location (172 weeds m -2 ) compared with the alfalfa alone treatment. Th ese sole seedings had similar forage and weed densities in the interrow location. Th e comparison of kura alone with the nondormant alfalfa indicated that kura was not capable of suppressing weed densities in the row location in 2007 to the same level as the nondormant alfalfa, although weed densities were similar in the interrow between these two treatments.
Comparing this binary mixture of alfalfa and kura with orchardgrass (bunchgrass) or reed canarygrass (sod-forming) elucidated management eff ects on composition and productivity. Similar forage densities were found in the interrow for both three-way mixtures (176 and 170 grass tiller and legume stem counts m -2 ), yet the reed canarygrass mixture had lower forage densities in the row location (81) compared with the orchardgrass mixture (118). All forage densities were lower in 2007. Th e reed canarygrass comprised 22% of the mixture composition in the interrow in 2007 compared with 20% in 2005. Conversely, orchardgrass comprised 16% of the mixture composition in the interrow in 2007 compared with 58% in 2005. Th e decline in orchardgrass composition in this forage mixture probably contributed to the 11, 5, and 9% lower seasonal yield from 2005 through 2007 than the mixture containing reed canarygrass, although this diff erence was not signifi cant. Harper et al. (1980) indicated that tall fescue populations managed as living mulches decreased between the beginning and end of each corn growing season in their 2-yr study. Th ese results demonstrate that the selection of mixtures including cool-season grasses should base selection criteria on multiple factors, including growth habit and yield potential, among others. All three-way mixtures had higher weed densities than the nondormant alfalfa in the row location in 2007, but all had similar weed densities in the interrow location. During the period from 2004 through 2008, the treatment containing reed canarygrass, alfalfa, and kura clover also provided the least yield competition with corn and soybean among all of the living mulch treatments (data not presented). A combination of plant species with varying growth habits and yield potential provides the best tradeoff s for this type of management system and the greatest potential for desirable ecosystem functioning.
CONCLUSIONS
Managing forages as living mulches during row crop production requires suppressing the forages to produce economical crop yields. Alternatively, desirable functions such as weed suppression and high yields are beneficial when these plants function as forages. Comparisons among sole seedings, binary, and three-way mixtures indicate that three-way mixtures provide greater weed suppression in the interrow location during the forage year than sole seedings or binary mixtures. Comparisons among legumes used in this study indicate that kura clover provides greater weed suppression than alfalfa in the interrow location, and that the birdsfoot trefoil cultivar used in this study did not persist beyond 2 yr after establishment. Comparing mixtures with orchardgrass vs. reed canarygrass indicated better stability using reed canarygrass. Consequently, the best combination of species to use as living mulches during row crop production and to provide high forage yields and lower weed densities during the forage phase in this 3-yr crop rotation includes alfalfa, kura clover, and reed canarygrass. Declining persistence of the living mulches during the row crop phases of the rotation can be reversed during the forage year by seeding a nondormant alfalfa in the spring to supplement yield and suppress weeds.
